Abstract-The development of intermittent wind firms in the restructured power market has required the entry of several creative approaches in evaluating the market clearing price in the restructured power market. This study proposes a model to investigate the seasonal market clearing price by considering the hybrid wind-heat firm. In this article, fixed and variable Feed in Tariff (FIT) is considered and compared as two regulatory policies for wind generation units. Wind resources modeled by using the scenario based technique. Furthermore, strategic behavior of other investors is considered based on the game theory concepts. The Cournot game concept has been applied to determine the Nash equilibrium for each state of stochastic programming. This model has been implemented on a test system. The effects of the fixed and variable FIT and the variations of electricity price cap have been investigated on the profit of each firm in the restructured power market. Moreover, the market clearing price offered for each season and load level.
INTRODUCTION
During the past two decades, deregulated power markets replaced with the centralized power markets in several countries. With this transformation, not only the structure of the electricity market changed, also the new regulations enter into the restructured power market [1] . The economic problems are the most important factors in the restructured power market. In this competitive market, each participant tries to maximize of their benefits by increasing their commodity quality and reduce their costs.The move towards more competitive electricity markets requires a much more sophisticated infrastructure for supporting myriad informational, financial, and physical transactions between the several members of the electricity value chain that supplement or replaces the vertically integrated utility [2] .
The investors in the restructured power market encounter more uncertainties than the centralized power market. The uncertainties can classify in two groups include the random or stochastic and non-random or strategic uncertainties. The random uncertainties related to the repeatable parameters, such as the growth electricity demand and fuel price. In which, it can be modeled by a probability distribution function. On the other hand, the strategy of other investors and their pattern to play in the power market is in the non-random uncertainty group, it is not a repeatable parameter. The two most famous methods to investigate the strategic behavior of players are the Cournot game and supply function equilibrium (SFE). Cournot equilibrium is more general because it is easier to apply than SFE. Furthermore, the Cournot game is flexible when considering physical and bilateral contracts in modelling the problem. [3] [4] [5] [6] .
In [4] the concept of game theory was used for simulating the hydrothermal power market without considering the random uncertainties. A dynamic model based on the game theory and stochastic dynamic programming (SDP) has been proposed in [7] . An iterative algorithm offered in [8] for the bidding process, which considered the interaction among investors, in the power market without considering the uncertainties. A hybrid framework based on the game theory and dynamic programming (DP) proposed by the authors of [9] . They considered the demand and fuel price uncertainties in his study. However, the renewable energy was not considered in his work.
The backbone of smart grid emphasis on environmental protection, using variable generation (such as wind, solar…), and demand response, driving for better asset utilization, while maintaining reliable system operation, and needing for enhanced customer choice. These factors in relation to the new emerging smart grid paradigm have been shown in the following figure. Also, the role of renewable energy has been illustrated in this new area. Based on the figure 1, one of the main aims of the smart grid is reducing the environmental challenges and increasing the adequacy of power systems. In the proposed model, the wind power plants investor evaluates the risk of its investment by considering the existent uncertainties in the restructured power market. Furthermore, Feed in Tarrif (FIT) as an efficient incentive policy has been considered in this model. The stochastic uncertainties have been simulated based on the Monte-Carlo simulation method. The wind has been simulated based upon the scenario based technique. It is clear that considering more uncertainties in the restructured power market, the most accurate information about the total profits of the power market as well as the market clearing price will be obtained.
II. GENERATING THE WIND POWER SCENARIOS
In this study,The proposed model in [10] has been used to simulate the output power of wind generators. This model has been proposed with the authors of this article. The scenarios of wind output power have been generated based upon the data mining method. A sample of these scenarios has been shown in TABLE I first season.
III. MATHEMATICAL FORMULATION OF THE MODEL
In the restructured power market, the private companies encounter several uncertainties. These risks reduce the profit of investors in the deregulated power market. Therefore, each of the investors prefers to ensure about the profit of their investments with the certain conditions of the power market. Also, they need the MCP signals to evaluate their investment for a long term planning. In this proposed model, Different aspects of restructured power market such as the FIT policy has been investigated on the profit of each investor. Moreover, the wind volatility, demand and fuel price uncertainties are considered in this model. The mathematical formulation of this model has been shown in equation 1 to 8. The objective function proposed in Equation (1) estimates the maximum benefits of the firms in the electricity power market and is composed of two main parts. The first part includes the revenue from the energy sales in the power market, either from traditional or renewable units. The second part includes the operational costs. The amount of generation of traditional and combined traditional and renewable power plants is represented in Equations (2) and (3). The constraint in Equation (4) is related to the demand constraint because the generation firms are not responsible to cover the whole demand of the market. The boundary limitations of the decision variables in traditional and renewable units are given in Equation (5), and Equation (6), respectively. The constraint in Equation (7) shows the limitation of electricity generated with whole firms in the power market which should be lower and equal to the whole demand in each season and load level.
After the optimization problem resolved for each firm, the demand function of the power market is used to calculate the electricity price. To simplify the model performance, a linear demand function is used as follows [4, 9] :
The entire generation of all the firms is substituted by demand (Dsl) in each season and load level, due to the importance of balance between demand and supply in the 2015 IEEE Student Conference on Research and Development (SCOReD) power market. Constants, A and B, are calculated for each season and load level according to Equation (9) and Equation (10) 
The forecast demand Dbase, sl for each season and load level can be determined based on the predicted average load in each season and load level, and the reference electricity price is calculated from the traditional unit commitment [11] . In this study, due to the properties of the Cournot model as mentioned in the previous section, it is necessary to determine the Nash equilibrium in the power market according to the following flowchart: The proposed model implemented in a hypothetical power system based on the 1996 IEEE RTS data [12] . This power market consists of 3 price maker firms which own 3, 5 and 7 units according to To prevent the increase of MCP the regulator determined a price cap for restructured power market. The various studies for different price caps (70, 80, 90,100 and 110 $/MWh) are carried out in this study. The results of these simulations have been indicated in TABLE VIII. The incremental trend of power market average profit is shown in figure 3 . In this paper, a model developed to simulate the restructured power market. Demand, fuel price and wind uncertainties were considered in this study. These uncertainties are the most effective parameters on the investment risk of investors. Furthermore, the strategic behaviors of other investors were modeled through the game theory, Cournot game. Also, the impacts of fix and variable FIT were assumed in the restructured power market. Finally, this model implemented in a power market. The results show the effect of FIT on the average profit of each investor in each season. Also, the incremental effect of price cap to the total average profit of the restructured power market was shown in this study. This model could be so useful for generation expansion planning.
